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ABSTRACT (Maximum 200 Words)
We have completed a hospital based molecular epidemiologic study of breast cancer that included 119 cases, 108 benign breast disease (BBD) controls and 141 healthy controls. Blood samples were collected prior to surgery from surgical enrollees and from the healthy controls during routine gynecologic exams.
Tumor and normal tissue from cases and benign tissue from BBD controls was collected from the pathology blocks.
The primary biomarker analyses included aromatic-, heterocyclic amine-, and smoking related-DNA adducts in white blood cells, PAH-DNA adducts and p53 mutations in breast tissue. Another goal of the study was to create a repository of tissue and blood samples linked to pathology and questionnaire data to support future studies.
These samples were used for complimentary analyses of xenobiotic metabolizing genes (GSTM1, NAT2 and CYPlAl) and pilot studies of oncoproteins (cyclin Dl and ras p21) and organochlorines (DDE, DDT and PCBs) in blood. The study generated data that support the hypothesis that environmental exposures to PAH and gene-environment interactions play a role in breast cancer etiology.
It also generated pilot data indicating that oncoprotein markers can be detected in blood samples and are predictive of breast cancer status. These findings suggest new approaches to breast cancer prevention and to its early detection and prevention.
X For the protection of human subjects, the investigator(s) adhered to policies of applicable Federal Law 45 CFR 46.
N/A In conducting research utilizing recombinant DNA technology, the investigator(s) adhered to current guidelines promulgated by the National Institutes of Health.
N/A In the conduct of research utilizing recombinant DNA, the investigator(s) adhered to the NIH Guidelines for Research Involving Recombinant DNA Molecules. N/A In the conduct of research involving hazardous organisms, the investigator(s) adhered to the CDC-NIH Guide for Biosafety in Microbiological and Biomedical Laboratories.
INTRODUCTION
Breast cancer afflicts one in nine women by the age of 85 and is the second leading cause of cancer death among American women. In the U.S., the disease currently afflicts one out of nine women by the age of 85, with an estimated 175,000 new cases and 43,300 deaths in 1999 1. It is likely that environmental factors (including exposures related to lifestyle, occupation and ambient pollution) are contributors, particularly in high-risk areas such as the northeastern United States. Environmental contaminants such as the polycyclic aromatic hydrocarbons (PAH), heterocyclic amines (HA), cigarette smoke constituents and organochlorine residues are suspected mammary carcinogens of concern -4. To test the hypothesis that exposure to these compounds are a risk factor for developing breast cancer a hospital based molecular epidemiologic case-control study was initiated at the Columbia Presbyterian Medical Center (CPMC). The study enrolled women referred for breast surgery; and pre-surgical blood samples were collected. Women with a final diagnosis of breast cancer were classified as cases and women with benign diagnoses without atypia were classified as benign breast disease (BBD) controls. Tumor tissue and normal tissue were retrieved from pathology specimens from cases; and benign tissue was retrieved from pathology specimens from BBD controls. A second non-surgical healthy control group was enrolled from among women coming to gynecological (GYN) practices for routine checkups. Women in the healthy control group donated a blood sample. All of the women took part in structured interview that gathered information on known breast cancer risk factors, environmental exposures, diet and cigarette smoking.
The original goals of the study were to measure heterocyclic amine (HA)-, PAH-, and smoking related-DNA adducts in mononuclear white blood cells, PAH-DNA adducts in breast tissue and p53 mutations in breast tumor tissue. No major changes to these goals occurred during the course of the study. However, after assaying 150 blood samples for HA-DNA adducts it was apparent that the women in the study were not receiving high enough exposures to heterocyclic amines to have detectable levels of HA-DNA adducts. As described in prior progress reports, this assay was halted and funds were used to partially support the analyses of polymorphisms in xenobiotic metabolizing genes (GSTM1, NAT2 and CYP1Al). In addition, data and blood samples collected in this study supported several innovative pilot studies of oncoproteins and organochlorines.
BODY OF THE FINAL REPORT 1. Patient Recruitment, Sample and Data Collection a. Patient Enrollment Patient enrollment was completed in June of year four. Active patient surveillance programs were conducted in the breast clinic and the offices of collaborating breast surgeons, Drs. Estabrook and Schnabel. Cases and BBD controls were enrolled by two interviewers under the direction of these two surgeons and their staff. All patients undergoing breast surgery with these doctors were evaluated as potential subjects. Eligible patients were identified and enrolled after the physician recommended surgery, but before surgery was performed. The study objectives and the patient's role in the study were explained to each of the prospective subjects and interested patients signed a consent form that met DOD and CPMC institutional requirements. Following enrollment, the patient was interviewed and a blood sample was drawn. Blood samples were drawn prior to surgery to prevent confounding of biomarker data by exposures to anesthesia, chemotherapy, hormone therapy, biologic changes associated with the healing process, or post-surgical changes in diet.
Healthy control subjects were enrolled through the GYN clinic and the private practices of Drs. Kelley and Levine and their staff. Dr Kelley and Levine's GYN practices are in the same building as the CPMC Breast Service; and these doctors refer their patients to Drs. Estabrook and Schnabel for breast health care. Further, data on birth date and residential zip code were analyzed from a random sample of each physician's patients and were found to be similar across the physician's practices. Women were approached during routine GYN check ups with Drs. Levine and Kelley and were enrolled into the study. These women signed a consent form, donated blood samples, and took part in the structured interview. Healthy control patients were frequency matched on age and ethnicity to cases As a result of these surveillance programs, patient enrollment occurred at a faster pace than originally anticipated, with a total of 417 patients enrolled (see Table 1 ). This over-sampling assured us that we would have complete data and samples (questionnaire and medical record data and tissue and blood samples) for a total of 300 subjects (100 cases, 100 BBD controls and 100 healthy controls). A total of 120 patients were asked to take part in the study but refused to enter it. Of these, 88 were prospective surgical enrollees and 32 were prospective healthy controls. Among surgical patients the response rate was 76%; and among healthy subjects the response rate was 82% for an over all response rate of 78%. Non-responding surgical patients were on average older than the respondents, 60.8 years versus 53.1 years old, but had a similar ethnic distribution and the same prevalence of clinic versus private patients. Non-responding healthy controls were also older than responding healthy controls and were less likely to be Caucasian (29% of non-respondents were Caucasian, while 62% of respondents were Caucasian, p=0.001). They were also less likely to be private patients (55% of non-respondents were private patients, while 79% of the respondents were private patients, p=0.005). a b. Questionnaire and Pathology Data Each of the patients took part in a structured interview that covered demographic variables, reproductive and health histories, diet, residential history, smoking, alcohol consumption, occupational history and environmental exposures. Interviews were conducted prior to surgery during the pre-operative testing procedures. Data from the questionnaires were abstracted into a computer spreadsheet as soon as the interview was completed. The spread sheet is in MS Exel format for simple importation into the SPSS and other statistics package. Pathology reports and data on receptor, proliferative and clinical markers analyzed by the pathology department (estrogen/progesterone receptor status, erbB-2, DNA index, GO-Gi, S, and G2-M cell cycle status) have also been collected and abstracted into the same spreadsheet as the questionnaire data. Additionally, information on stage and tumor size has been collected from the CPMC Tumor Registry.
The basic breast cancer risk factor model included variables for age (as a continuous variable), ethnicity (Caucasian or non-Caucasian), history of breast feeding (yes or no), regular current alcohol consumption (yes or no), family history of breast cancer (yes or no), age at first birth (as a mean centered continuous variable), parity (parous or non-parous), age at menarche (less than age 13 or greater than equal to age 13). Odds ratios and 95% confidence intervals for these risk factors comparing cases to BBD controls and also cases to healthy controls are presented in Table 2 . Comparing cases to BBD controls, age, ethnicity and alcohol consumption were significantly associated with case-BBD control status. In the comparison of cases to healthy controls age was significantly associated with case-control status. These findings are consistent with the literature. That more of the established risk factors were not significantly associated with case-control status is not surprising considering that this study was not powered to analyze questionnaire data on reproductive factors. These breast cancer risk factors were included in multivariate models that controlled for known breast cancer risk factors. Questionnaire data on PAH related exposures were analyzed for case-control associations. Information on active smoking including current smoking status, smoking as a teen, duration of smoking and packyears of smoking was considered. Information on environmental tobacco smoke exposure was also considered including current exposure, duration with which the subject lived with a smoker, exposure as a teen, and the number of family members who smoked when the subject was a teen. Lastly dietary practices associated with PAH exposure were also assessed, including consumption of broiled meats and the propensity to cook food so that it was blackened or charred. After control for known breast cancer risk factors, none of the questionnaire derived variables were associated with breast cancer case-control status and all of the odds ratios were close to unity c. Biological Specimen Collection and Storage Blood samples were collected from subjects and separated into total white blood cell, red blood cell, mononuclear white blood cells, and plasma. In addition to preserving the blood samples for the assays funded under this proposal, our design called for storing of aliquots for future research. Sample aliquots have been processed and stored in anticipation of fuiture analyses of; 1) organochlorines, 2) plasma vitamin C and E, retinoids and carotinoids, 3) hemoglobin adducts, 4) plasma erbB-2 extra-cellular domain, 5) plasma ras levels, 6) plasma p53 levels, 7) plasma EGFR levels, 8) plasma cyclin D1, 9) biomarkers of oxidative damage, and 10) metabolic genotype (NAT2, GSTM1, CYP1A1). This has created a sample bank that allow future research to be conducted in an efficient and economical manner. Under separate funding preliminary analyses of several of these markers have been conducted to support spin-off studies (see Additional Studies of Genetic Susceptibility and Oncoproteins).
Due to the small size of many of the lesions, frozen tissue is not available from all of our patients. Paraffin embedded biopsy specimens from cases and BBD controls have been retrieved from the CPMC Pathology Department. Tissue sections from these specimen blocks have been cut with a microtome and stored on glass slides (10-20 slides for immunohistochemical analysis) or in plastic vials (for future DNA extraction). One slide from each patient was hematoxylin and eosin (H&E) stained to provide a histologic reference.
This archive of paired blood and tissue samples and associated questionnaire data and pathology reports is an invaluable resource that supports our current research and Hill form the basis of future projects that can be conducted in a timely and efficient manner.
2, Laboratory Component
The analyses of biological samples for PAH-, aromatic-, and smoking related-DNA adducts is complete, as is the immunohistochemical analysis for p53. Analysis ofmononuclear white blood cells for HA-DNA adducts samples was halted in year two because none of the first 150 samples had detectable levels. The remaining funds allocated for HA-DNA adduct analysis were used to partially support the laboratory analysis of xenobiotic metabolism genes (GSTM1, NAT2 and CYP1A1). The statistical analyses of the biomarker data are presented below.
a.
Posflabelling Analysis of MWBC Mononuclear white blood cell DNA was analyzed for the presence of PAH-, smoking related-, and heterocyclic amine-DNA adducts by 32p postlabelling methods in Dr. Phillips' lab. For PAH-DNA adducts results from a total of 296 subjects were returned to us from Dr. Phillips' lab. In a simple analysis of means there was no difference in adduct levels in MWBC by case-control status (see Table 3 ). Further analyses in subsets defined by menopausal status and current smoking status, did not alter these results. Adduct data were further analyzed in logistic regression models with subjects assigned to exposure groups based on quartiles of the distribution seen in the healthy controls. The first quartile having the lowest adduct levels and the fourth the highest adduct levels. In analyses that did not control for potential confounding factors, increasing adduct quartiles were not associated with case-control status (see Table 4 ). Multivariate logistic regression models were implemented that controlled for the known breast cancer risk factors described above. The batch in which a sample was analyzed was treated as a potential confounder and controlled for in the multivariate models by entering variables for batch into the models. Adduct quartile odds ratios are presented in Table 5 , and as in the univariate analyses there was no association between adduct quartiles and case-control status regardless of which control group was used. Further subgroup analyses defined by menopausal status and active smoking status did not reveal any associations between adduct levels and case-control status. The correlation between aromatic-DNA adducts measured in mononuclear white blood cells and PAH-DNA adduct levels measured in breast tissue was assessed. Among cases, MWBC adduct levels were not correlated with PAH-DNA adducts in tumor tissue (r= -0.05, p=0.67). Likewise no correlation was found between MWBC adducts and PAH-DNA adducts in normal breast tissue adjacent to the tumor (r= -0.04, p=0.76). Among the benign breast disease controls the correlation between tissue and blood adducts was -0.08, p=0.45. These results clearly suggest that adduct levels measured in white blood cells by postlabelling are not relevant to PAH-DNA adduct levels measured in breast tissue at the time of surgery. The poor correlation may reflect differing half lives of adducts in white blood cells compared to breast epithelium, or that the postlabelling assay measures a wider spectrum of adducts that includes species other than PAH.
b. The Presence of a DRZ and Smoking Related Adducts.
In the postlabelling assay, after adducts have been chromatographically separated a dark diagonal radioactive zone (DRZ) can sometimes been seen in autoradiographs of the TLC plates. Previous work has shown an association between the presence of a DRZ and smoking status, and as a result the DRZ has been thought to indicate the presence of smoking related-DNA adducts Z5,6. For the case-control study the presence of a DRZ was conceptualized as a qualitative marker indicating which women had been exposed to a bioeffective dose of cigarette smoke constituents.
TLC plates from 34 of the study subjects showed the presence of a DRZ, 18 of whom were healthy controls, 10 were BBD controls and 6 were cases. In univariate case controls analyses the presence of the DRZ was inversely associated with breast cancer case-control status, with borderline significance (p=0.051 by Fisher's exact) in the comparison between cases and healthy controls (see Table 6 ). Although restricted by the small number of cases positive for the DRZ the same trends were seen after stratification by menopausal status and in the sub-group exposed to tobacco smoke. The presence of a DRZ was further analyzed in logistic regression models that controlled for sample batch and known breast cancer risk factors. In these analyses the odds ratios remained below unity and the odds ratio in the comparison of cases versus healthy controls was statistically significant. Comparing cases to BBD controls the odds ratio was 0.61 (95% CI 0.18-2.08) and in the analysis comparing cases to healthy controls the odds ratio was 0.27 (95% CI 0.09-0.76). It is important to note that this analysis involved a large number of variables and a small number of subjects who were positive for the presence of a DRZ. Therefore larger study groups are needed to resolve this question.
c. Heterocyclic Amine-DNA Adducts in Mononuclear White Blood Cells Mononuclear white blood cells from 150 subjects (50 cases, 50 BBD controls and 50 healthy controls) were assayed for heterocyclic amines using the ATP deficient variation of the 32 p-postlabelling assay. None of the samples had detectable levels of heterocyclic amine-DNA adducts, and this assay was discontinued after year 2 (as stated in previous progress reports). Remaining funds originally allocated for this assay were used to partially support the analysis of GSTM1, NAT2 and CYP1A1 genotypes. All of the available paraffin embedded tissue samples from cases and BBD controls have been assayed using this method. PAH-DNA adduct data in breast tissue were available from 100 cases and from 105 controls. Additionally, 89 tissue sections of normal tissue adjacent to the tumor have been analyzed. Statistical data analyses of tissue adduct levels have been completed and a manuscript has been submitted to the Journal of the National Cancer Institute. The unadjusted arithmetic mean adduct level was significantly higher in the tumor tissue (mean=0.47) compared to the benign tissue (mean=0.38, p=0.02), and marginally higher in nontumor tissue from cases (mean=0.43) versus benign tissue (p=0.13). Reflecting the right skewed distribution of adducts, unadjusted geometric mean adduct levels were only slightly higher in tumor samples from cases compared to controls (geometric means 0.39 and 0.34 respectively, p= 0.1) and in nontumor tissue from cases versus benign tissue (geometric means 0.37 and 0.34 respectively, p= 0.2). Regression analysis showed that adduct levels in tumor and nontumor tissue from breast cancer patients were similar (slope=0.66, r--0.55, P<0.001 for 85 subjects). Adduct levels were dichotomized into high versus low using a cutoff of one standard deviation above the mean level seen in the BBD controls. Twenty-seven (27%) of the cases had high adduct levels (tumor tissue) compared to 14 (13%) of the controls (OR=2.40, 95% CI 1.18-4.92, n=205), without adjusting for potential confounders. Controlling for common PAH exposure sources (current active smoking, current ETS exposure, heavy charbroiled meat consumption) and known risk factors elevated levels of PAH-DNA adducts were significantly associated with breast cancer case-control status (OR = 2.56, 95% CI 1.05 -6.24, n= 190). Interestingly PAH-DNA adduct levels in tumor tissue were significantly positively associated with estrogen receptor status, suggesting that hormone dependence may be associated with increased adduct formation.
e. p53 Analysis Immunohistochemical techniques have been used to initially screen for p53 mutations. While wild type p53 has a very short half-life, many mutant p53 proteins have an increased stability leading to an accumulation of protein that is detectable using immunohistochemical techniques ""'. Immunohistochemical detection has been found to correlate well with SSCP/PCR techniques for mutant detection 1213 In the literature, samples have been variously scored positive or negative for p53 accumulation based on the intensity of staining, the percentage of cells that stain positive for p53, or a combination of these two 
measures
. Both of these indexes can be measured on the CAS 200 system by using the Quantitative Nuclear Antigen Program (QNAP). QNAP incorporates a thresholding system that determines the percentage of nuclei that have been stained darker than a certain optical density level. This threshold is set by determining the optical density of nuclei that have been assayed using an immunohistochemical protocol that omits the primary p53 antibody. This provides an objective measure of the percentage of cell nuclei that have been stained darker than the background level of the assay.
Immunohistochemical analysis has been completed on all the tissue sections received from the Pathology Department. P53 data was available from benign tissue sections from 105 BBD controls, from tumor sections from 101 cases and from normal tissue from 87 cases. As expected, the mean number of nuclei staining positive for p53 in tumor tissue from cases was higher than in normal tissue from controls (12.12 %, SD=14.80 vs. 5.99 %, SD=5.43, respectively, p=0.02). Using a cut-off of 10% to designate extensive staining and the presumed presence of mutation, tumor tissue from cases was more likely to extensive staining than benign tissue from controls (40% vs. 21% respectively, p=0.02). The prevalence of 17 tumor samples with extensive staining for p53 is consistent with the published literature
The relationships between adduct levels and p53 expression (as the continuous variable percentage of cells staining for p53) in the three types of breast tissue were evaluated. Data on adducts and p53 were available in tumor tissue from 99 cases, in normal tissue from 81 cases, and in benign tissue from 105 12 controls. Adducts and p53 expression were not associated in tumor tissue or normal tissue from cases, but were associated with borderline significance in benign tissue from controls (see Table 7 ). Further control for exposure related variables and breast cancer risk factors did not markedly change the results, although the relationship in benign tissue became a little stronger after control for known breast cancer risk factors (slope = 1.64, p=0.06). The relationship between tissue adducts and p53 expression in cases was also assessed by comparing the prevalence of extensive p53 staining in women with high adduct levels in tumor tissue to the prevalence among women with low adduct levels. Similar to the linear regression analysis there was no association between adducts levels in tumor tissue and the presence of extensive staining for p53 (OR = 1.0, 95% CI 0.40-2.47).
The relationship between aromatic-DNA adducts measured in mononuclear white blood cells and p53 status was also assessed. Polytomous logistic regression analyses were used to determine whether elevated adducts levels were more strongly associated with p53 positive tumors than p53 negative tumors. This approach simultaneously compares p53 positive cases to controls and p53 negative cases to controls and calculates separate odds ratios for both comparisons. The ratio of these odds ratios indicates the degree to which the exposure is more strongly associated with p53+ cases, and is a measure of etiologic heterogeneity 17. These analyses showed that in comparison to either control group, increasing adduct quartiles were not associated with p53 positive or negative cases compared to controls (see Tables 8 and 9 ). f Additional Studies of Genetic Susceptibility and Oncoproteins Over the course of the study we have used funds available from other sources and from the reallocation of funds originally earmarked for HA-DNA adducts to analyze stored tissue and blood samples for other markers such as: genetic susceptibility, exposure to organochlorine compounds and various oncoproteins. These markers were chosen either because they would complement the markers used in our main study or for use as pilot data to support additional grant proposals.
/.
Complementary Markers: Polymorphisms in Metabolic Genes Over the course of the study we have analyzed white blood cell DNA from our breast cancer cases and controls for polymorphisms in NAT2, GSTM1 and CYP1A1, genes that mediate the metabolism/detoxification of the environmental carcinogens under study 18-20 21- 24 We have genotyped subjects for the GTSM1 genotype using DNA from the collected white blood cells. Of the 365 samples assayed, 333 could be successfully amplified by PCR. We have completed the statistical analysis of genotype, PAH-DNA adduct levels in tissue and case-control status in cases and BBD controls. Data on GSTM1 genotype were available from 95 cases and 87 BBD controls and data on both GSTMI status and PAH-DNA adduct levels were available from 84 controls and 83 cases. GSTM1 genotype was predictive of adduct levels in tumor tissue and normal tissue from cases but not in tissue from BBD controls (see Table 10 ). There were no case-control differences in tissue adduct levels among women with the GSTM1 +/+, +/-genotypes, but among women with the GSTM1 -/-genotype adduct levels were significantly higher in tumor tissue from cases compared to levels in benign tissue from controls (see Table  10 ). It appeared that there was an interaction between genotype, adduct levels and case-control status. A linear regression model was implemented with PAH-DNA adduct levels in tumor tissue from cases and in benign tissue from controls as the dependent variable, and case-control status, GSTM1 genotype, and a term for the interaction of these two effects as the independent variables. In this model the interaction term for the joint effects of genotype and case-control status was of borderline significance (03 = 0.31, p=0.06). In a multiple linear regression model that also controlled for known breast cancer risk factors and PAH exposures, the interaction term for the joint effects of GSTMJ and case-control status was significant (13 0.25, p=0.00 2 ).
GSTM1 genotype did not predict aromatic-DNA adduct levels in mononuclear white blood cells. In univariate linear regression models with adducts as the outcome, the regression coefficients for GSTMI did not significantly differ from zero (Cases 3=4-0.1 p=0. 3 6 , BBD Controls 03= 0.002, p=0.99, Healthy Controls 03=0.42, p=O. 18). In multiple linear regression models controlling for batch in which the sample was assayed, season in which the blood samples was drawn, age, ethnicity, current smoking status, current ETS exposure and high charred meat consumption, GSTM1 remained unassociated with adduct levels in each of the study groups.
In univariate analysis GSIM1 genotype as a sole marker of metabolic susceptibility was not associated with case-control status (Cases vs. Benign OR = 0.92, 95% CI 0.51 -1.64, Cases vs. Healthy OR = 1.21, 95% CI 0.51-1.64). After controlling for age, ethnicity, breast feeding status, parity, age at menarche, age at first birth, family history of breast cancer and current alcohol consumption, GSTM1 genotype remained unassociated with breast cancer case-control status (Cases vs. BBD Controls OR = 0.73, 95% CI 0.37 -1.44, Cases vs. Healthy Controls OR = 1.21, 95% CI 0.70-2.10). The associations between GSThM genotype status and prognostic factors recorded in the pathology reports were also assessed. GSTMJ genotype was not associated with tumor size, stage or erbB-2 expression. However, the GSTMI null genotype was associated with increased estrogen receptor expression. A manuscript based on these results has been submitted to the journal Cancer Epidemiology Biomarkers and Prevention.
Our laboratory has just completed the analyses of the NAT2 and CYP1A1 genotypes using WBC DNA. The association between individual genotypes and breast cancer case-control status and the formation of adducts in blood and tissue specimens will be analyzed, as will be the effect of combinations of genotypes.
ii Pilot Studies: Development and Validation of Tumor Derived Bloodborne Markers (cyclin D1 and ras p21) Predictive of Breast Cancer Status The Cyclin D1 gene is thought to be a proto-oncogene, which, when aberrantly expressed, leads to 25 26 ..
loss of normal growth control . Cyclin D1 overexpression is commonly seen in squamous cell carcinomas
..
of the head, neck, lung and esophagus, as well as in breast carcinomas . Using immunohistochemical techniques, cyclin Dl protein overexpression can be detected in 50-60% of paraffin embedded breast tumor s•pedimens, and overexpression is associated with estrogen receptor positive tumors and a better prognosis
In years two and three, 67 tissue sections from 25 BBD controls and 23 cases were assayed for cyclin D1 expression. Blood plasma samples were available from 24 of the BBD controls and 19 of the cases; and in year four these were analyzed for the presence of cyclin DI using a newly developed Western blot assay. Additionally, blood plasma samples were analyzed from 15 healthy controls who were individually matched on age and ethnicity to the first 15 cases. Cyclin DI was detected in 21 of the blood samples, with the following distribution among cases and controls: 3 of 15 healthy controls (20%), 6 of 24 of BBD controls (25%), and 12 of 19 cases (63%), p=0.011 by Chi-square. The odds ratio for cyclin Dl and breast cancer (cases versus BBD controls) was 5.14, 95% C.I. 1.38-19.12 (p=0.012) and for cases versus healthy controls it was 6.86, 95% CI 1.43-33.01 (p=0.01 2 ). There was no correlation between the presence of cyclin DI in blood plasma and the level of cyclin DI expression in tumor tissue; however the small number of subjects limited this analysis.
Since the Western blots were scored for the presence of absence of cyclin Dl bands with the unaided eye, it is not possible to determine objectively whether the bands seen in the controls were lighter or smaller than the bands seen in cases. We are currently developing an ELISA assay for cyclin D I that will give us a quantitative measure of the protein concentration in the blood samples. We expect that such a quantitative measure will allow us to set a cutoff concentration that will better discriminate between cases and controls and reduce the false positive rate. This strategy has successfully been used to assay for blood levels of the erbB-2 extracellular domain (see for example reference 30).
We have recently been awarded an RO-1 grant (Dr. D. Tang P.I.) to analyze all of the stored blood and tissue samples for cyclin D1. The project will further develop the Western blot method and will allow us to complete the development of the ELISA assay. The project will assess whether the presence of cyclin DI in blood samples is associated with breast cancer case-control status in the full study population. It will also assess whether cyclin Dl overexpression in tumor tissue is associated with the presence of cyclin D I in blood samples. Finally the project will assess whether the presence of cyclin Dl in blood samples is associated with tumor characteristics such estrogen receptor status.
In a related pilot project conducted in year two we used an existing technique for detecting ras p21 16 protein in blood samples to assay stored samples. It has been shown in other cancers that ras p21 can be detected in blood samples from patients who have tumors that have mutated or overexpressed ras 11,12. Since breast tumors commonly overexpress ras p21, we investigated whether breast cancer patients exhibited increased blood levels of ras and whether these increased levels predicted case-control status. The development of bloodborne markers that can predict breast cancer status may allow for new strategies to detect breast tumors and could be useful in post-surgical follow-up of patients fn sr es Blood samples from the first 94 subjects enrolled in the case-control study were analyzed for ras p21. None of the women had received treatment for either breast cancer or benign breast disease at the time the blood sample was drawn. They included 34 cases (5 patients with diagnoses of DCIS, 8 with invasive lobular cancer and 21 with invasive ductal cancer), 26 benign breast disease (BBD) controls and 34 healthy controls. Wild type (non-mutated) ras p21 protein was detected in 34 of 94 (36%) plasma samples although many of the bands were quite faint. Mutant ras was not detected in any of the samples. Cases had significantly higher levels of ras p21 in their blood samples than either of the control groups (see Table 11 ). When the lanes were classified as having normal or elevated levels of ras p21, samples from 17 of the 94 (18%) individuals were positive for elevated levels of ras p21. The prevalence of plasma samples with elevated levels was higher in cases compared to controls (see Table 11 ). Because the two control groups had similar mean, median and prevalence values, they were combined. In this analysis, the presence of elevated levels of ras p21 was found to significantly predict case-control status (OR=3.2, 95% CI 1.1-9.3, p=0.03). Although analyses were restricted by the small sample size of this pilot study, ethnicity appeared to modify the relationship between case-control status and the presence of ras p21 in blood samples. Comparing cases to the combined control group, ras p21 was strongly associated with case-control status among Caucasian women (OR = 11.0, 95% CI 1.3-95.3, p=0.01), but not among non-Caucasian women (OR = 0.86, 95% CI 0.01-8.5, p= 0.9). A manuscript based on these results has been accepted for publication by the journal Cancer Epidemiology Biomarkers & Prevention. In spring of 2000 we plan to submit an RO-1 grant to the NCI to assay for ras p21 in blood and tissue samples from all of the enrolled subjects. This project will be a major step towards developing a blood test that is predictive for breast cancer.
iii.
Pilot Study: Blood DDE Levels Among Latina Women in Northern Manhattan A portion of our present breast cancer study sample is drawn from a large Latina population that immigrated to the United States from the Dominican Republic and settled in Northern Manhattan. Many of these subjects recall intensive government programs of DDT application that included the spraying of homes and aerial spraying of agricultural areas. Since prior studies have found an association between blood levels of DDE (a metabolite of DDT) and breast cancer it was of interest to determine whether these intensive exposures have led to increased blood DDE levels in this portion of our study population. In year three, under separate funding, blood plasma samples from 19 healthy controls, 15 benign breast disease controls and 14 cases were analyzed for DDE levels using gas chromatography with electron detection. DDE levels in these Dominican subjects ranged from 0.2 -113.2 ppm with a mean of 18.3 ppm. No significant differences could be detected between cases and controls, possibly due to the small number of subjects.
DDE levels in these subjects were compared to levels previously measured in 24 healthy nonDominican women from the New York Metropolitan region who were treated at the Columbia-Presbyterian Medical Center for breast cysts. DDE levels were 3.22 times higher in the Dominican women than in the non-Dominican women (14.76 ppm vs. 4.56 ppm, p=0.005). Additionally, DDE levels were significantly associated with the number of years the women had lived in the Dominican Republic, with age and with the number of months the women breast fed their children. The increased body burden of DDE seen in Dominican women suggests that they would be a good model population in which to study the possible links 3 between DDE and health outcomes, including breast cancer
The blood samples were also analyzed for DDT, PCB (total and 21 congeners), hexochloro-benzene, and Mirex (1,200 determinations in total). Statistical analyses of these compounds has not yet been completed.
KEY RESEARCH ACCOMPLISHMENTS 0
Provided evidence supporting the hypothesis that breast cancer has, in part, an environmental etiology and is thus preventable. > Generated data indicating that the formation of PAH-related DNA damage in breast tissue was associated with breast cancer case-control status, suggesting that these environmental carcinogens contribute to breast cancer. > Generated data indicating that PAH-DNA adduct levels in tumor tissue are associated with estrogen receptor expression.
> Generated data indicating that in women with breast cancer the inability to metabolize PAH through the GSTM1 pathway is associated with increased PAH-DNA adduct levels, suggesting that gene-environment interactions may play a role in breast cancer development.
* Generated data suggesting that the role of PAH in breast cancer etiology may not be related to p53 mutation. 
Funding Applied For
Based on our pilot work showing that the presence of cyclin DI in blood samples is associated with breast cancer case-control status we applied for and received funding for an RO-1 project (Dr. Tang PI). The project will assay cyclin D1 in stored blood samples from all of the enrolled subjects and in tumor tissue sections from cases. The goal of the study is to determine whether cyclin DI in blood samples is predictive of breast cancer status in the full group of subjects, and to determine whether it is more predictive of estrogen receptor positive breast cancer. A second goal is to determine whether cyclin DI expression in tumor tissue is associated with the presence of cyclin D1 in blood, and whether this association is modified by such factors as tumor size or stage. 21 We are currently developing collaborative projects using the stored tissue and blood samples that will be included in a breast cancer SPORE proposal being submitted by the Columbia Comprehensive Cancer Center.
In the spring of 2000 we plan to submit an RO-1 proposal based on our pilot work on the measurement of ras p21 in blood. As described above in our pilot study the presence of this oncoprotein marker in blood was strongly associated with breast cancer case-control status, and may prove useful as the basis for a breast cancer predictive blood test. In a manner similar to our recently funded work on cyclin D I we plan to further validate this marker by assaying for it in the stored blood samples from cases and controls and in tumor tissue from cases.
In the spring of 2000 we also plan to submit an RO-1 proposal to reopen the study to patient recruitment. This will increase our statistical power to investigate gene-environment interactions as they relate to adduct levels in breast tissue.
8.
Employment or research opportunities received on training supported by this award.
Andrew Rundle earned a Doctorate in Public Health while working on this project and subsequently applied for and received a junior faculty position in the Division of Epidemiology at the Joseph L. Mailman School of Public Health. He will continue working with Dr. Perera studying the etiology of breast cancer and developing and validating new approaches for the early detection and management of breast cancer. He will also be conducting epidemiologic investigations into the etiology of cancer with faculty in the Division of Epidemiology.
CONCLUSION
Breast cancer will strike some 178,000 women this year in the United States, exacting a terrible personal and public health toll. Although a number of risk factors have been elucidated, they only explain about 50% of breast cancer and have yielded few primary prevention programs. A number of investigators have begun to look at environmental factors as possible causes of this disease. This project has been extremely fruitful and has yielded important data supporting the hypothesis that the widespread environmental contaminants, PAH, play a role in breast cancer etiology. Further, our investigations into genetic polymorphisms in GSTM1 suggest that this gene plays a role in protecting breast tissue from PAHinduced DNA damage, and that gene-environment interactions may put women at risk for developing breast cancer. Since our environment is modifiable, these finding, if replicated, suggest that prevention programs can be implemented that will reduce the incidence of this disease.
The study also provided the infrastructure for supporting many studies to come. The tissue bank linked to the pathology and questionnaire data provides an invaluable resource that will allow us and other investigators to a multitude of hypotheses regarding breast cancer etiology and to develop new markers that will be of use in managing breast cancer. This tissue bank has already yielded dividends. Pilot data showing that the presence of cyclin DI in blood associated with breast cancer status has been used to secure a new RO-1 project that will further develop and validate this marker. Several other RO-1 proposals are planned for the spring of 2000 and the tissue bank will be part of an upcoming breast cancer SPORE proposal. This repository will be a continuing resource that will greatly further our understanding of the etiology of breast cancer, pointing the way towards new means of prevention. 22 
